INTRODUCTION
Sepsis is a systemic inflammatory response syndrome (SIRS), which is the number one cause of intensive care unit deaths and a serious problem in adult and pediatric critical care medicine (Ishimaru et al., 2013) . In recent years, morbidity associated with sepsis has been rising annually. Sepsis is the number one cause of death among critically ill children (Caribe et al., 2013) . In recent years, several studies on active interventions for sepsis using continuous blood purification (CBP) have been reported in China and internationally. CBP has been shown to prevent and treat severe sepsis (Peng et al., 2010) . During treatment of sepsis, CBP lowers the overall in vivo peak concentration of inflammatory mediators, down-regulates the body's inflammatory response. Thus, CBP does not only target a single inflammatory maker, but reduces the effect of sepsis on both endothelial cells and hemodynamics (Rimmele and Kellum, 2011) . CBP also maintains the responsiveness of cells to endotoxemia and bacteremia and promotes recovery of the patient's immunity (Nacionales et al., 2012) . Although CBP has been widely used and studied, the mechanism of CBP treatment is unclear. No study on the changes in protein markers before and after CBP treatment of children with sepsis has been conducted.
We have therefore compared the clinical effects of CBP treatment on children with sepsis. The dynamic changes in the protein markers cartilage glycoprotein 39 (YKL-40, or also chitinase-3-1ike-1) and C-reactive protein (CRP) were analyzed. We discuss the indications and opportunities for CBP treatment of sepsis and its potential mechanism.
MATERIAL AND METHODS

Study participants
Thirty children who met the diagnostic criteria for severe sepsis and were cured in the Children's Serious Disease Center at Inner Mongolia People's Hospital from June 2012 to October 2013 were included in our study. The control group consisted of 30 healthy children who were examined in the outpatient clinic during the same period.
The details of the experimental and control groups were as follows. Experimental group: aged 60 days to12 years; 4 newborns, weighing ≥3.6 kg; 14 children weighing <10 kg and 16 >10 kg; disease severity score upon admission: 21 children, <70 points and 9, 70-80 points. The severity of the children diagnosed as having sepsis upon admission was scored <80 points, including those with an SIRS stage above Grade 3 [including refractory shock, multiple organ dysfunction syndrome (MODS)] and CBP treatment administered (Xiong et al, 2009 ).
Control group: aged 60 days to 12 years; 3 newborns, weighing ≥3.4 kg; 12 children weighing <10 kg and 18 weighing >10 kg.
No significant differences in age and body weight were found between the experimental and control groups.
The diagnostic criteria for severe sepsis were based on the diagnostic criteria for pediatric sepsis released by the International Sepsis Conference, SAN Antonio, 2005. Severe sepsis is accompanied by one of the following conditions: cardiovascular dysfunction, respiratory distress syndrome, or dysfunction of 2 or more other organs (Thompson et al., 2013) .
Conventional and CBP treatment
Conventional comprehensive treatment, treatment of primary diseases, antibiotic treatment, and nutritional symptomatic and supportive treatment were administered to all 30 children before CBP treatment to maintain the acid-base equilibrium and water-electrolyte balance. All children required mechanical ventilation for assisted respiration, and 17 children required dopamine and noradrenaline to maintain blood pressure.
CBP treatment was administered to the children who did not exhibit signs of significant recovery following the conventional comprehensive treatment and who met the diagnostic criteria for severe sepsis. Intubation with a double-lumen tube was performed through the femoral or jugular vein with a Model BM25 CBP machine (Baxter, Deerfield, FL, USA) and child-type tubing. All children were subjected to continuous venous blood filtration. The in vitro circulation line (blood line + filter) was pre-filled with plasma, and whole blood filling. For anticoagulation, heparin was administered to children with normal coagulation function, and low molecular heparin was administered to children with slightly abnormal post-operative coagulation function. The preclinical improved displacement liquid was provided at the hospital bedside in accordance with the acid-base equilibrium and electrolyte conditions of the children. The details of the solutions were as follows: Solution A: normal saline (3000-3250 mL), 5% glucose (250-500 mL), water for injection (500-750 mL), calcium chloride (l-1.5 g), 25% magnesium sulfate (3 mL), and 10% potassium chloride (0-12 mL); Solution B: 5% sodium bicarbonate (250-375 mL). Solution A and Solution B entered the line simultaneously. Back replacement (3-4 h) was followed by front replacement and was performed for all diseased children. The total replacement volume in 24 h was l-1.5 L/kg. Slow ultrafiltration was performed while plasma or albumin was transfused at the beginning of CBP treatment. The ultrafiltration speed was increased after blood pressure was normal. CBP treatment was performed for 24-48 h initially and for 12 h daily or 24 h every other day thereafter, for 3-12 days in total (Ikumi et al., 2013) .
Severity scoring
In May 1995, the emergency treatment team of the Academy of Pediatrics of the Chinese Medical Association discussed and passed the Scoring Method for Pediatric Critical Cases. This publication defines 10 measurement indexes, including those for heart rate, blood pressure, respiration, partial pressure of blood oxygen, pH, volume ratio of erythrocytes, gastrointestinal related manifestations, and serum sodium, serum potassium, creatinine, or urea nitrogen levels. Considering relevant international scoring methods and national conditions, pediatric diseases were classified as extremely critical, critical, and non-critical based on these scores (Piquereau et al., 2013) .
Specimen determination
Determination of biochemical indexes was performed using VS2 automatic biochemical analyzer (Abaxis, Union City, CA, USA), and blood gas analysis was conducted using ABL90 FLEX blood-gas analyzer (Radiometer, Copenhagen, Denmark). Cytokine levels [interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)] were determined with the enzymelinked immunosorbent assay (ELISA) method, and serum YKL-40 levels were determined in accordance with the instructions of the ELISA kit (Xitang Biotechnology Co., Ltd., Shanghai, China). The reagent for CRP determination was provided by Kang Pu Hui Wei Technology Co., Ltd. (Beijing, China) and serum CRP levels were determined using immunoturbidimetry.
Relative expression of YKL-40 mRNA in whole blood
Whole blood was drawn from the children, and l mL TRIZOL was added to obtain a TRIZOL homogenate. Chloroform (0.2 mL) was added to each TRIZOL homogenate. The sample was vortexed for 30 s, then placed on the bench for 15 min, and finally centrifuged at 12,000 g at 4°C for 15 min. Isopropanol (0.5 mL) was added to the supernatant. The sample was then mixed, placed at room temperature for 10 min, and centrifuged at 4°C at 12,000 g for l0 min. The supernatant was discarded, and 75% ethyl alcohol (0.8 mL) was added. After centrifugation for 10 min at 8000 g at 4°C, the sample was mixed gently and alcohol washed twice. The ethyl alcohol was discarded, and the EP tube was placed in a fume hood to dry the remaining ethyl alcohol. Rnase/Dnase water (20 μL) was added to the pellet, and the solution was pipetted several times. The solution (10 µL) was added to 590 μL sterile water. Cary UV4000 (Agilent, Santa Clara, CA, USA) was used to determine the purity and concentration of the RNA. The Primescript TM RT reagent (Sigma, USA) was used to perform inverse transcription to obtain cDNA, and RNA concentration was determined (based on the instructions).
Detection of YKL-40 in peripheral blood using an immunochemical method
Venous blood was drawn, and heparin was used for anticoagulation. The above liquid was diluted with phosphate buffered saline (PBS) in a ratio of 1:1, mixed, and centrifuged (2000 rpm, 20 min) after the volume reached the liquid level of the glucan-meglumine diatrizoate. The peripheral blood mononuclear cells (PBMCs) were centrifugationed (1500 rpm for l0 min) after being pipetted, and their concentration was adjusted to 1 x 10 6 /L using PBS. The PBMCs were cultured at a concentration of 1 x 10 6 /L and digested with 0.25% pancreatinethylenediaminetetraacetic acid (EDTA) after the cells achieved a stable growth status and exhibited logarithmic growth. The cell solution (l mL/well) was dropped onto a polylysinecoated slide after the culture medium had been adjusted to a concentration of 1 x 10 4 /mL. After incubation (48 h), the slides were fixed with 4% paraformaldehyde for 15 min, treated with 0.1% TritonX-100, and blocked in goat serum for 10 min. The excess blocking solution was discarded, and YKL-40 antibody (1:500) was added. The samples were stored at 4°C overnight. They were then incubated with the ready-to-use goat anti-rabbit secondary antibody (Abcam, Cambridge, UK) for 20 min and the rabbit anti-human third antibody for 20 min. The slides were washed thrice with PBS for 5 min, developed in 3,3'-diaminobenzidine (DAB), dehydrated in gradient alcohol, clarified in dimethylbenzene solution, sealed with neutral gum, and microscopically observed for YKL-40 protein expression.
Statistical analysis
The SPSS 13.0 (IBM, Chicago, IL, USA) software was used for statistical analysis of the experimental data. All data are reported as means ± standard deviation (SD). Pairwise comparisons were performed at various time points with the least significant difference (LSD) method. A t-test of two independent samples was conducted to compare IL-6 and TNF-α levels of the experimental group with those of the control group 48 h after CBP treatment. A Satterthwaite approximate t-test was used in case of heterogeneity of variance. P < 0.05 indicated a significant difference. A Pearson correlation analysis of YKL-40, CRP, TNF-α, and IL-6 levels was conducted for disease severity scoring before and after CBP treatment of children with sepsis.
RESULTS
Disease severity scores before and after CBP treatment of children with sepsis
Severity score is 57.15 ± 14.62 at 0 h, and 83.25 ± 17.48 at 48 h. We found a significant difference in the disease severity scores before and 48 h after CBP treatment (P = 0.004).
Variation in inflammatory marker (IL-6 and TNF-α) levels
We compared IL-6 and TNF-α levels at 12, 24, and 48 h after CBP treatment in children with sepsis with those before treatment and found a significant difference (P < 0.05). IL-6 and TNF-α levels exhibited a trend for a decrease after treatment. We also compared serum IL-6 and TNF-α levels between the experimental group (children with sepsis) and the control group, and our results showed a statistically significant difference (P < 0.05; Tables 1 and 2). CBP = continuous blood purification; IL-6 = interleukin-6; TNF-α = tumor necrosis factor alpha. *P < 0.001. For abbreviations, see Table 1 . *P < 0.001.
Changes in marker protein YKL-40 and CRP concentrations
YKL-40 and CRP protein levels at 12, 24, and 48 h after CBP treatment of children with sepsis were compared with those before treatment, revealing a statistically significant difference (P < 0.05). The concentration of YKL-40 in the peripheral blood of children with sepsis 48 h after CBP treatment was compared to that in healthy children, and no significant difference was found (Tables 3 and 4) .
Analysis of the relative expression of YKL-40 mRNA
Comparison of the relative expression of YKL-40 mRNA at different time points after CBP treatment with that before treatment revealed no significant difference (P > 0.05). When YKL-40 expression before CBP treatment was compared between the experimental and control groups, we found a significant difference (P < 0.05), but no difference was found for YKL-40 levels after CBP treatment (P > 0.05). The relative expression of YKL-40 mRNA (2 -△△Ct ) in the peripheral blood of the children with sepsis was lower 0, 12, 24, and 48 h after CBP treatment than the relative expression before treatment (Tables 5 and 6 ). For abbreviations, see Table 5 . *P < 0.05.
YKL-40 expression in peripheral blood using the cellular immunochemical method
YKL-40 was expressed in mononuclear cells of peripheral blood cells (Figure 1) . For abbreviations, see Table 3 . 
Correlation between YKL-40 and CRP and IL-6 and TNF-α concentrations
The concentrations of YKL-40 and IL-6, YKL-40 and TNF-α, CRP and IL-6, and CRP and TNF-α all exhibited a significant positive correlation (r = 0.832, 0.634, 0.893, and 0.727, respectively; P < 0.05; Table 7 ). Table 7 . Correlation between YKL-40 and CRP and IL-6 and TNF-α concentrations in peripheral blood in children with sepsis before and after CBP treatment. 
DISCUSSION
Sepsis is associated with serious infections, and exacerbated SIRS may cause multiple organ failure. Bacterial infections are one of the major causes of sepsis (Vanmassenhove et al., 2013) . The interaction between the host and the microorganism activates the natural immunity pathway and triggers defensive mechanisms in the host, including body fluid composition and cells. Mononuclear cells release the pro-inflammatory markers and cytokines IL-1, IL-6, and TNF-α (Betue and Deutz, 2013; Qin et al., 2013) . Sepsis is a pathological process involving the excessive cells and humoral immunity caused by infection with bacteria and toxins. A large number of soluble inflammatory factors are involved in MODS (Lai et al., 2013) .
CBP uses a continuous operation method to increase the blood flow volume during extracorporeal circulation (Chancharoenthana et al., 2013) . The use of filters with a high permeability and good biocompatibility, transfusion of a large amount of displacement liquid, and equipment with a highly accurate fluid balance system provide this methodology with the following advantages: stable hemodynamics, continuous and stable control of azotemia and the water-electrolyte metabolism, continuous elimination of toxins and intermediate molecular weight substances in the blood stream, provision of nutritional supplements and drug treatment on demand, and achievement of a stable balance in critical patients (Saxena et al., 2012; Strateva et al., 2012) . CBP can be used in patients with low blood pressure and can also create nutrition support.
YKL-40 is a carbohydrate-binding protein of the chitinase family that does not have chitinase activity, and has a molecular weight of 40 kDa. Its crystal structure is known, but its biological functions remain unclear (Kastelijn et al., 2013; Kornblit et al., 2013) . YKL-40 may play a role in acute and chronic inflammatory processes. Existing studies have demonstrated that it is a growth factor found in connective tissue cells and can promote the migration of endothelial cells as well as the degradation and re-formation of the extracellular matrix (Tatar et al., 2013) . YKL-40 is secreted by different types of inflammatory cells. In vivo studies have shown that YKL-40 is secreted by activated macrophages and neutrophil granulocytes in patients with bacterial infection (Tuten et al., 2014) .
CRP is an acute phase protein. CRP concentration has a higher predictive value than white blood cell count and neutrocyte count in children with concealed bacteremia. The predictive value has a reference value based on critically ill children with unknown disease causes (Abdollahi et al., 2012) . TNF-α and IL-6 levels are associated with inflammation, and the concentrations of TNF-α and IL-6 in infection pediatric patients rise. A continuous concentration of IL-6 of >500 pg/mL is associated with a prolonged course of abdominal sepsis and an increase in morbidity in children (Celik et al., 2010) . Our data demonstrate that YKL-40 and CRP are both reactants during the acute stage of sepsis. YKL-40 levels can thus predict the therapeutic effect of CBP and prognosis in children with sepsis.
Our findings have great clinical significance. Most importantly, we have revealed the optimal time to start CBP therapy -immediately after the diagnosis of severe sepsis in children. Research by Soeorg et al. (2013) indicated that CBP timing is crucial, and the therapeutic effect of CBP is decreased when dysfunctions occur in 5-6 visceral organs. After fluid resuscitation, sick children are not able to maintain their fluid balance through their own urination mechanism. This results in an enlarged liver, and increased or emerging moist rales in the lung. Alternatively, CBP treatment should be performed when the fluid overload accounts for over 10% of the body weight (Baraboutis et al., 2010) . CBP treatment of children with sepsis can significantly improve their oxygenation capacity, treat acidosis, stabilize blood pressure, and remove medium molecular weight substances and inflammatory molecules. It has also been shown to significantly improve the recovery rate of children with sepsis (House and Ronco, 2008) .
Production and release of YKL-40 may be stimulated by inflammatory cytokines (Knudsen et al., 2009 ). IL-6 and TNF-α are two important inflammatory markers that play important roles during sepsis (Nielsen et al., 2011) . Studies have shown that TNF-α and IL-6 levels are associated with inflammation, and that their levels rise in patients with sepsis. In our study, IL-6 and TNF-α levels in children with sepsis started to decrease significantly 12 h after CBP treatment (showing the same trend for a decrease as YKL-40). We show that the IL-6 and TNF-α concentrations had a positive correlation with the YKL-40 concentration, indicating that the increase in IL-6 can activate production of YKL-40.
